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Since GLUCK1> reported in 1882 that resection of one”third of the liver can be safely 
carried out, many experimental studies have been accumulated. CECCHERELLE2>, in 1884, 
and PONFICl♂， in 1889 reported that some of the experimental animals survived the ex-
cision of three-fourths of the liver, which was followed by the likewise results of MEJS・
TER4l, in 1894, FLOCK≫, in 1895 and KAHN6>, in 1897. BOLLMAN and MANN7> observed 
in 1936 that the liver maintained normal function even in dogs with four-fifths hepatic 
excision and with EcK fistula to prevent regeneration of the liver. They also asserted 
that excretion of bile is hardly affected by extensive resection of the liver. 
On the other hand in our country, KoBAYASH18> and HIRANo9>, in 1943, KrnAN110>, 
in 1952, SOEJIMA11>, in 1954 and MJKAMI12>, in recent years respectively reported that 
the liver exerts normal function overcoming surgical aggression after extensive resection 
of the liver. When the liver is thus widely excised, the life of organism stil remains 
safe owing to functional reserve and regenerative capacity of this organ, as has been clari-
fied by pathophysiological studies. According to恥1IKAMI12>,20 per cent hepatic resection 
in normal dogs resulted in liver failure of a slight degree as examined by relatively subtle 
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examinations as activity of alkaline phosphatase, B. S. P. retention test and thymol turbidity 
test, which, however improves within a week or so. The deta of these examinations 
fluctuate largely after 70 per cent hepatic resection, revealing marked disturbance of al 
the functions of the liver until 36 hours after the resection. However, regeneration of 
the liver could be observed already at this period, which reached the normal level in 
quantity and quality with the lapse of 4 weeks to exert nomal function. Here, among 
various liver functions metabolic function improves prior to regeneration of this organ, 
while, general other function recovers slightly later. 
As has been surveyed, there have been四 rriedout numerous studies on pathophysi-
ology of hepatic resection. However, concerning functional alteration during the pr町田S
of regeneration, although one could roughly estimate the disturbed function in the early 
period by routine examinations, it was only vaguely known from these examinations that 
the function had recovered to nomal. 
In the present experiment, investigations were carried out on hepatic bile excreted 
from the liver with the lapse of time after hepatic resection in order to explore more 
exactly the functional alteration of the regenerative liver. 
I. MATERIALS AND METHODS 
1. 恥faterials 
Adult mongrel dogs weighing about 10 kg were used in the experiment regardless of 
sex, in healthy condition. 
Since excretion of bile is closely associated with quality and quantity of diet and with 
its digestion and absorption, diet was constantly given from 9.00 to 10.00 a. m. The diet 
was constantly consisted of boiled rice of 400 g, boiled fish of 70 g and 20 cc of shoyu (a 
seasoning sauce), which were mixed together with 200 cc of water. This diet contained 
nutritionally 41 g of protein, 7 g offat and 307 g of carbohydrate with 1450 Cal. in total. 
Attention was paid so that the animals finish entire amount of the diet as possible. 
2. Methods 
For the collection of hepatic bile, dogs were anesthetized with an injection of 2.5 
per cent isozol solution of 0.5 cc/kg body weight from the femoral vein in the state of 
fasting for 24 hours, and during the experiment 1 to 2 cc of isozol solution was appro-
priately injected intravenously in order to maintain a constant depth of anesthesia, condi-
tion of respiration mainly being taken as an indicator. Dogs were fixed in the spine position, 
and the abdomen was opened by an upper median incision. The gall-bladder was first 
extirpated to prevent intermingling with cystic bile. Then, a small incision of 1 cm in 
length was laid longitudinally on the duodenum and the papilla of Vater was groped for, 
from which a No. 30 gauge polyethylene tube was inserted to the choledochus. The tube 
was introduced extracorporeally through the duodenal incision and incisional wound of the 
abdominal wall. lncisional wound of the duodenum was closed with al layer suture 
remaining the tube in situ, and the abdominal wall was also closed. Bile flowed out from 
the tube was collected. Since it was assumed that there existed a possibility of intermigling 
of cystic bile with the bile thus collected during initial 5 minutes, it was discarded, and 
hepatic bile was collected thereafter precisely for 1 hour. When the bile excretion was 
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Fig. 1 トリ！lowingcholぽ〉叫目：t＜川口， the left 
superi引l and infrri川 Joh、 .1 pail りlthe 
middle, quadrate and caudate lobes、erere-
"'l・ted. Bile was collected from " tube i日間It-
ed transduodenally into the bile duct. 
After the collection of hepatic bile prior to 
hepatic resection, the abdomen was again opened 
to remove the polyethylene tube inserted into 
the choledochus through the duodenum, and 
incisional hole of the duodenum was entirely 
and tightly closed. 
Then, the left superior, left inferior, mid-
dle, quadrate lobes and a part of the caudate 
lobe of the liver were resected under mass liga-
ture. ¥Veight of the resected liver corresponded 
approximately to 50 per cent of the entire liver 
weight11> 13ト 16>. The abdomen was closed 
primarily after penicillin was put in. 
During the operation, no other drug than 
isozol was injected (Fig 1). 
In the similar manner as described in the 
above, hepatic bile was collected for 1 to 2 hours 
through the tube inserted transduodenally into 
the choledochus, 2 days, 1 week, 2 weeks, 3 
weeks, 1 month, 2 months and 3 months re-
spectively after hepatic resection. The final 
collection of hepatic bile in this series of the 
examination, 3 months after hepatic resection, 
was carried out through a tube No. 30 gauge 
directly inserted into the choledochus. 
Blood was taken from the femoral vein 
immediately before the collection of bile at each 
period, which ~~s subjected to various examinations, and B. S. P. retention test was 
performed on the previous day of the collection of bile. 
3. Methods of Determination 
a. Serum Protein Level 
Serum protein level was determined by Atago Refractometer for serum protein in. 
b. B. S. P. Retention Test 
Five per cent solution of bromsulfalein was injected into the femoral vein in a pro-
portion of 0.1 cc/kg body weight. Blood was taken from the femoral vein on another 
side 15 minutes later, and used for colorimetry1 n 
c. Serum Bilirubin Level 
Serum bilirubin level was determined じolorimetrically following the method of 
MEULENGRACHT for determination of icterus index17>. 
d. Bilirubin Level in HヒpaticBile 
Hepatic bile waメ accuratelydiluted to 200 times and bilirubin level was determined 
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by colorimetry according to EvEL YN－恥1ALLOY’squantitative method of dεtermination using 
COLEMAN’S spectrocolorimeter 1 n 18). 
e. Phospholipid Level 
Lipid-P both in serum and in hepatic bile was, colorirnetrically determined 1with amino-
naphthol-sulfonic acid method, and 25 times of the obtained value was taken as phospho-
lipid level19>_ 
f. Serum Cholesterol Level 
Serum cholesterol level was determined colorimetrically by ZAK’s extraction method 
based on KILLIANI's reaction1n. Cholesterol-ester ratio was calculated from the proportion 
between total cholesterol level and esterified cholesterol. 
g. Total Cholesterol Level in Hepatic Bile 
Hepatic bile was hydrolysed, which was then extracted with petroleum ether. 'Total 
cholesterol level was colorimetrically determined by ABELL’s modified rnothod20> based on 
KILLIAN！’s reaction. 
h. Total Bile Acid Level in Hepatic Bile 
Using Vanillin phosphoric acid method of MURAKAMI21), trihydroxycholanic acid and 
dihydroxycholanic acid were respectively determined by colorimetry and sum of these two 
was looked upon as total bile acid. 
Il. RESULTS 
l. Body Weight 
As shown in Fig. 2 and Tab. 3, preoperative body weight was 13.0 kg in the max-
imurn, 7.5 kg in the minimum and 9.6 kg on the average. It gradually decreased after 
the resection of the liver to reach the minumum of 8.6 kg, on the average, 1 month after 
surgery, being 1 kg les compared with preoperative average body weight. Body weight 
showed gradual increase thereafter restoring to preoperative one 2 months after hepatic 
resection. 
2. Serum Protein Level 
As represented in Fig. 3, Tab. 1 and Tab. 4, preoperatin・ maximum value was 7.5 
g/dl, preoperative minimum vaJue 5.6 g/dl and average one 6.6 g/dl. After hepati亡resec-
tion, serum protein level gradually decreased reaching the minimum value of 6.1 g/dl 
around 2 weeks later, which showed an increase thereafter restoring to preoperative level 
in almost al cases from 3 weeks to 1 month after surgery. It was maintained in the 
preoperative level as determined 2 and 3 month after surgery, respectively. 
3. B. S. P. Retention Test 
As shown in Fig. 4, Tab. 1 and Tab. 5, preoperativヒmaximumvalue was 2.:-=J per 
cent, minimum value being 0 per cent and average value being 1.7 per cent. Two day市
after hepatic resection, the maximum value was 15.0 per cent, the minimum value was 
7.5 per cent, elimination being retarded, and average value was 10.5 per cent. One week 
after surgery, the average value returned to 3.8 per cent approaching to nomal level, 
which showed a slight fluctuation within the normal range 2 weeks after surgery. 
4. Serum Bilirubin Level (Icterus Index) 
As shown in Fig・5,Tab. 1 and Tab. 6, preoperative maximum value was ~.5 units, 
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Fig. 2 I弘》dy weight temr旧rarilydeer問、，ed Fig. 3 Serum protein level decreased gradually 
after surgery to reach the minimum 2 w配ks
after surgery, which restored to preoperative 
level 1 month after surgery. 
after hepatic rt≫ectio11. and restored to preop-
erative level 2 months after surgery. 
Tab. 3 Budy W日ghtI kg) 
τ'ime aft-er I 
Surgery I ~·u 
Dog Nリ ~I· 十 2 cl I 1 w 2" 3 w 1 1 m 2 rn 1 3m 
16 I l'.2.0 
】 I;:>
19 : 8.0 
28 i 8.0 
5 9.0 
18 9.0 
9 I 9.Q 
31 I 12目。
34 I 13.0 
23 ! 8.5 
M印 n I 9.6 
11.6 11.0 11.3 I 10.8 11.0 12.0 
7.3 7.-1 6.7 • 6.9 6.5 7.5 
7.7 I 7.5 7.s 7.2 7.o 8.5 
7.8 : 1.1 7.1 I 6.8 1.0 8.5 
8.7 I 8.5 8.3 I 8.4 8.0 • 9.5 
8.8 8.5 8.0 ! 8.2 8.0 9.5 
8.5 8.5 8.3 i 8.1 8.0 9.3 
1 Li 11.3 i 11.3 I 10.9 11.0 l l.O 
12.8 . 12.l 12.l 12.0 12.0 12.5 
8.3 8.1 , 7.8 I 7.6 7.:> 8.5 
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16 ! 7.0 
2 ' 6.5 
19 i 6.9 
28 5.6 
5 ! 7.J 
18 : 7.0 
9 i 6.8 
31 ' 6.5 
:ll , 6.2 
23 6.9 
17 6.3 
36 i 7.1 
35 ' 6.6 
38 7.0 
39 7.0 
10 ! 6.5 
1 i 6.8 
1 6.3 
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2.s I 161 
:2.0 161 
:2.0 185 
2.0 I 196 
:2.5 155 
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:2.5 15日
:2.5 161 
2.0 I 16s 
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2.0 I 201 
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:2.5 I 214 
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B .S. P. Retention Test 
( 15 min) 
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Fig. 4 l{ateりiB. S. P. retention increased 
Fig. 5 Serum bilirubin level I 1cteruぉ inde~I
、h・川町lIL"mμorary increase imm町liatelyafter 
surgery, which retruned to normal shりrtly
immediately after surgery, which, however, 
restored tけ normal2日付ト ;iftersurgery. 
Tab. 5 B. S. P. Retention Test I 15 111. 1可（%）
T11mι 《1flt:1
子、lr!tT¥ pre 2d lw 2¥・ :J" Im 2m 3m 
I J,g :¥u. 
16 2.5 15.0 '.2:> 2.5 2ふ 2.:i 2.5 
2 2.5 7.5 2.5 2.5 2.S 2.5 2.5 2.5 
19 0 ! 7.5 5.0 5.0 2.5 2.5 0 0 
28 2.5 15.0 7.5 2.5 2.5 2.5 2.5 '.2.5 
5 0 7.'i 2.:J 2.5 2.:J 2.3 2.5 2.:J 
13 ' - 1-II - I hι） - <) - ＇，τ ，一 t’＝ 
! －咽） '・'・" .).v 】．〉】＂） ~ . , ., ~J _ .J 
9 2.5 7.5. '._.') 2.5 2.:J 0 0 v 0 
;)J 0 : 7.5 ふ0 2.5 2.5 5.0 2.5 '.2目5
:J. 2.5 l:J.0 2.5 2.5 2.5 2.5 2.5 '.2.5 
23 0 7 .5 2.Ci 2.5 0 2.Ci 0 0 
Mean I. 7 Jfi.5 3.8 2.8 2.:l 2.5 1.8 1.7 
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Tab. 6 Serum Bilirubin r lcte111、Index)
the minimum value was 2.0 units and average value was 2.2 units. Two days after 
hepatic resection, it being increased, the maximum value was LS units and the minimum 
value was 3.5 units, averaばevalue beinε3.9 units. However, with this degree of increase 
in serum bilirubin, manifestation of jaundice 
Bilirubin in Hepatic Bile could not be observed at al, out-look of the 
animals being completely normal. Serum biliru咽
bin decreased gradually thereafter showinεfluc-
tuation within the normal range. 
5. Bilirubin Level in Hepatic Bile 
As in Fig. 6, Tab. 2 and Tab. 7, preopera-
tiH' maximum ya]ue was 4 7 mg h kg body 
weight, the minimum value was 0.11 mg h k日
body whight and average value was 0.27 mg/ 
h/kg body weight. Two days after hepatic 
resection, the maximum value was 0.30_ mg/h 
・1 1 1 kg body weight, the minimum value was 0.09 
：・ I.I mg/h/kg body weight, showing decrease, and 
•• I・I.I ave時 evalue was 0.15 mg h k良 bodyweight. 
:. I• I;·• I The average value was thereafter 0.25 mg h/ 
I I ・• I kg body weiεht 1 week after surεery, 0.30 mg 
Id培 bodyweight 2 weeks after surgery, 0.38 
mg/h1 l明 body weight 3 weeks after surgery, 
0.33 mg/h/kg body weight 1 month after sur-
pre2d lw 2w3w lm2m3m 只ery, thus gradually increasing, and 2 months 
after surgery the maximum value was 0.88 m民
h kg body weight, the minimum ,・;due w;is 
0.29 m広 hikghrnlv weight and 川℃ra伴‘ value
W川 0.55Il氏 h/kg hod¥' weight, showing 
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Fig. 6 Bilinihin content in hepatic bile dト
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markedly incre泡sedvalue twice as much compared preoperative one. The value tended 
to decrease again to return to normal level 3 months after surgery, showing average value 
of 0.26 mg/h/kg body weight. 
6. Amount of Excreted Hepatic Bile 
As in Fig. 7, Tab. 2 and Tab. 8, preoperative maximum value was 0.57 cc/h/kg 
body weight, the minimum value was 0.10 cc/h/kg body weight and average value was 
0.32 cc/h/kg body weight. Two days after hepatic resection, the maximum value was 
0.41 cc/h/l王gbody weight, the minimum value was 0.05 cc/h/kg body weight and average 
value was 0.18 cc/h/kg body weight, showing remarkable decrease. The average value 
was thereafter 0.27 cc/h/kg body weight 1 week after surgery, 0.37 cc/h /kg body weight 
2 weeks after surgery, 0.45 cc/h/kg body weight 3 weeks after surgery and 0.49 cc/h/kg 
body weight 1 month after surgery, showing gradual increase. Two months after surgery, 
the maximum value was 0.88 cc/h/kg body weight, the minimum value was 0.45 cc/h/kg 
body whight and average value was 0.67 cc/h/kg body weight, reaching 2.1 times level 
of preoperative average value. The value again deceased thereafter to restore to the normal 
level 3 months after surgery, the average value beinε0.31 cc !h/kg body weight. 
7. Serum Phospholipid Level 
As represented in Fig・8,Tab. 1 and Tab. 9, preoperative maximum value was 236 
mg/dl, the minimum value was 123 mg/di and average value was 180 mg/di. Two days 
after surgery, the maximum value was 327 mg/di, the minimum value was 258 mg/di 
and average value was 288 mg/dl, revealing remarkable increase. The average value was 
thereafter 224 mg/di 1 week after surgery, 197 mg刈12 weeks after surgery, 180 mg di 
3 weeks after surgery, restoring to nomal at this period. The value slightly fluctuated 
within the normal level 1, 2 and 3 months after surgery, respectively. 
8. Phospholipid Level in Hepatic Bile 
As represented in Fig. 9, Tab. 2 and Tab. 10, preoperati¥'e maximum value was 
5.8 mg/h/kg body weight, the minimum value was 0.7 m氏1h/kgbody weight and礼vera伊
value was 2.8 mg/h/kg body weight. Two days after hepatic resection, the maximum 
value was 2.1 mg/h/kg body weight, the minimum value was 0.2 mg/h/kg body weight 
and average value was 0.9 mg/h/kg body whight, demonstratin広 markeddecrease. The 
average value thereafter showed gradual increase as 1. 7 mg/h/kg body weight, 1 week 
after surgery, 2.8 mg/h/kg body weight 2 weeks after surgery, 3.3 mg/h/kg body weight 
3 weeks after surgery and 3.9 mg/h/kg body weight 1 month after surgery. Two months 
after surgery, the maximum value was 10.0 mg/h ik仏 theminimum value wa~ 4.3 mι 
h/kg body weight and average value was 6.3 mg/h/kg body weight, showing increase of 
2.3 times of preoperative value. The value decreased again thereafter returning to normal, 
showing the average value of 3.2 mg/h/kg body weight 3 months after surgery. 
9. Total Cholesterol Level in Serum 
As in Fig. 10, Tab. 1 and Tab. 11, preoperative maximum value was 182 mg，【1,
the minimum value was 104 mg/di and averaεe value was 145 mg/di. Two days after 
surgery, the maximum value was 217 mg/di, the minimum value was 182 mg1 el and 
average value was 196 mg/dl, showing remarkable increase. The average value thereafter 
was 182 mg/dl 1 week after surgery, 149 mg/dl 2 weeks after surgery, H7 mg/di 3 weeks 
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Fig. 7 Amount of hepatic bile excretion de-
creased after叩 rgery.and increased remark(!-
hi y 2 months after叩 r日en.r田toringto nor-
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Fig. 8 Serum phospholipid level increased 
markedly immediately after 川 rgery.and it 
returned to normal 3 weeks after州 rgeη．
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Tab. 9 Serum Phospholip叫id(mg/dlJ 
百而ea厄可 ; I I i I 
Su伊 ryI u陀. 2d I lw 2w 3w i Im 
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16 I 17 5 I 281 : 215 I I 93 : I 5 I i I ~8 
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Fig. 9 Phospholipid level in hep,itic bile de-
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Tab. 10 Phospholipid in Hepatic Bile (mg/h/kg) 
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Tab. 11 Total Cholesterol in Serum (mg/di) 
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135 
after surgery, 133 mg／ιI 1 month after surgery, 138 mg/di 2 months after surgery and 
135 mg/di 3 months q.fter surgery, restoring to normal about 2 weeks after surgery. 
10. Cholesterol-Ester Ratio in Serum 
As shown in Fig. 11, Tab. 1 and Tab. 12, preoperative maximum value was 79.5 
per cent, the minimum value was 65.5 per cent and average value was 73.5 per cent. 
Two days after hepatic resection, the maximum value was 63.l per cent, the minimum 
value was 50.2 per cent and average value was 57.9 per cent, the value markedly de-
creasing. The average value was thereafter 69.1 per cent 1 week after surgery, 75.5 per 
cent 2 weeks after surgery, 77.3 per cent 3 weeks after surgery, 81.3 per cent 1 month 
after surgery, 76.7 per cent 2 months after surgery and 74.8 per cent 3 months after 
surgery. Namely, the value returned to preoperative level 2 weeks after surgery, which 
further increased on to its peak 1 month after surgery and then decreased later than 2 
months after surgery restoring to normal. 
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11. Total Cholesterol Level in Hepatic Bile 
As shown in Fig. 12, Tab. 2 and Tab. 13, preoperative maximum value was 0.14 
mg/h/kg body weight, the minimum value was 0.02 mg/h/kg body weight and average 
value was 0.07 mg川／h/
0.10 mg/h/l王g body weight, the minimum value was 0.03 mg／’h/kg body weight and 
average value was 0.067 mg/h/kg body weight, showing slight decrease. The avera貯
value thereafter was 0.06 mg/h/kg body weight 1 week after surgery and 0.058 mg/h/ky 
body whight 2 weeks after surgery, decreasing on further. Three weeks after surgery, 
the average value was 0.09 mg月1/kgbody weight and 1 month after surgery, it was 0.12 
mg/h/kg body weight, slightly increasing. Two months after surgery, the maximum 
value was 0.22 mg/h/kg body weight, the minimum value was 0.10 mg/h/kg body weight 
and average value was 0.17 mg/h/kg, showing marked increase of 2.3 times of preopera-
tive average value. Three months after surgery, the average value again decreased and 
restored to preoperative level, being 0.09 mg/h/kg body weight. 
12. Total Bile Acid Level in Hepatic Bile 
As represented in Fig. 13, Tab. 2 and Tab. 14, preoperative maximum value was 
11.3 mg/h/k広bodyweight, the minimum value was 2.2 mg/hぺ＼.gbody weight and average 
value was 5.8 mg/h/kg body weight. Two days after hepatic resection, the maximum 
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Fig. 12 Total cholesterol level in hepatic bile 
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Fig. 13 Total bile acid ~c:mten~. in hepatic bile 
decreased after surgery, and increased re-
marl《ably2 month, after surgery to restore 
tけ preoperativl'level 3 months after山 rgery.
value was 5.3 mg/h/kg body weight, the min-
imum value was 1.2 mg/h / kg and average 
value was 2.9 mg/h/kg body weight, showing 
remarkable decrease. The average value was 
thereafter 4.4 mg/h/kg body weight 1 week 
after surgery, 5.8 mg/hバ＜gbody weight 2 weeks 
after surgery, 7.1 mg/h/kg body weight 3 weeks 
after surgery and then gradually increased, re-
aching 8.8 mg/h/kg body weight 1 month after 
surgery. Two months after surgery, the max-
imum value was 17.5 mg/h/kg body weight, 
the minimum value was 6.2 m只lh !kg body 
weight and average value was 11.7 mg/h/kg 
body whight, reaching 2.0 times of the preo-
perative average value. The value again de-
creased thereafter to 6.8 mg/h/kg body weight, 
on the average, 3 months after surgery. 
13. Summary of the Results 
Changes in the amount of hepatic bile ex-
cretion ・and constitution of bile in individual 
animals are summarized in Fig. 14, Fig. 15, 
Fig. 16, Fig. 17, Fig. 18, Fig. 19 and Fig. 20. 
Although there were some deviations among 
experimental animals, hepatic bile excreted from the residual liver parenchyma after 
hepatic resection showed a tendency in the early postoperative period to decrease both in 
its amount and in amount of each component of the blie, which, however, gradually in-
creased to preoperative level and increased on thereafter surpassing the preoperative level 
in certain stadium, and finally restored to preoperative level again. 
IV. DISCUSSION 
By the functional examinations of the liver, which have hitherto been carried out, 
functional disturbance in the early period could be only demonstrated to some extent, 
concerning the fluctuation of liver function after hepatic resection. The results of these 
examinations stil had some vague points and it has been difficult by these methods to 
disclose the fluctuation of the functional state after these data had returned to normal 
range. The present experiment was undertaken in the aim of deepening the understand-
ing of the change in functional state in regenerative process of the residual liver paren-
chyma after hepatic resection, by pursuing the changes in amount of bile excreted from 
the residual liver parenchyma and in amount of each component of the bile together with 
common examinations as have been carried out. 
There are two methods of bile collection, temporary collection and continuous collec-
tion. Temporary method has a disadvantage that its operative influence is larger, since 
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Fig. 14 
tion on bile excretion. In continuous method of bile collection with external fistula, ex-
periment伺 nbe carried out after influence of operation is made almost negligible. How-
ever, there appear various changes due to extracorporeal loss of the entire bile such as 
rapid decrease in amount of bile excretion22>-24>, temporary decrease and later increase in 
bile acid elimination25ト・27>and disturbance of digestion and absorption of fat. Both methods 
of bile collection have advantageous as well as disadvantageous points. In the present ex-
periment, collection of bile was repeatedly carried out with the lapse of time by inserting 
a tube into the biliary tract transduodenally, the abdomen being opened. In this method, 
influence of laparotomy procedure 伺 nnotbe neglected. However, efforts were paid to 
lessen the influence of laparotomy as much as pos.5ible, by closing duodenal incision and 
abdomianl wall, except small hole for inserted tube, during the collection of bile. By 
this method, collection of bile could have been repeated from 6 to 7 times in an individual 
animal with the lapse of time after hepatic resection. It is assumed that this method is 
suitable for long-term observation, without encountering various disturbances due to extra-
corporeal los of hile through external biliary fistula, since the animals can be left in 
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nomal condition until the next bile collection. 
It is assumed to be unjustifiable to grasp subtle changes from average values of each 
component of bile in a few normal animals, since there exists large individual difference 
in components of bile of dogs, and it was considered in the pr白entexperiment that ob-
tained pre” and postoperative values should always be compared28>. Since it was supposed 
that bile excretion might be altered in this method of collection when carried out without 
anesthesia29>30>, bile was collected in the pr白entexperiment under intravenous anesthesia 
with isozol which has been said to have litle influence on the internal pressure of the 
biliary tract. 
Although there is assertion that bile is excreted periodically31ト，3>,it is generally con-
sidered to be excreted con tin uousl y 24 > 2 9 > 3い，35>. It is, however, known that bile excretion 
decreases in the fasting state, while asleep, in starvation and when hepatic temperature is 
I 1> as> ow
Concerning bile excretion during 24 hours in dogs, McMASTER and others24> reported 
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body weight, BIDDER and SCHMIDT to be from 15.9 to , 28.7 g/kg body weight and 
SAKURAI40> to be from 3.4 to 25.0 g/kg body weight, indicating considerably large difer-
ence among these reports. CooK et al40. and HoRIUCHI42> also reported that bile is con-
tinuously excreted in certain rate, the former showing the data of 0.26土0.024cc/kg/h, 
the latter showinf the average date of 20 c品esof 0.26土0.12cc/kg/h. 
Presuming from the fact that excretion of bile is done under higher pressure than 
blood pressure, BRAUER43' and WHEELER44' reported that bile excretion from hepatic cels 
is not exerted by mere filtration of diffusion but by some active mechanism, and celular 
regulation for the excretion is obviously based on utilization of energy. 
In the present experiment, amount of hepatic bile excretion in the fasting state of 
dogs was 0.32士0.12cc/h/kg body weight, showing relatively constant value, on the 
average of 25 dogs. The amount of the excretion decreased to a half 2 days after hepatic 
resection, which was considered to be attributable to reduction of bile excreting liver 
prenchyma caused by hepatic resection and tempor紅 ydisturbance of function of the re-
sidual liver parenchyma. Although a tendency of increase was observed in serum biliru-
bin at this stadium, it did not develop so far to manifest jaundice, and it was considered 
that elimination of bile was fairly compensated by the residual liver parenchyma core-
sponding to 50 per cent of the entire liver. In parallel with regeneration of the residual 
liver parenchyma, amount of bile excretion restored thereafter to preoperative level, which 
further increased on to reach approximately 2.2 times as much of preoperative level 2 
months after hepatic resection. This phenomenon was interpreted that bile excretion in-
creased as the result of prosperous energy metabolism going on in hepatic regenerative 
cels 2 months after hepatic resection. Later than this period, amount of bile excretion 
returned roughly to preoperative level 3 months after hepatic resection. 
Since the theory of van den BERGH46>, it has been believed that the source of bilirubin 
mainly consists in hemoglobin derived from docomposition of red blood cels in the liver, 
spleen and bone marrow46>, and it is eliminated from liver cels to the intestine. McNEEm 
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disapproved of the theory that bilirubin is produced in hepatic cels and he insisted that 
it is produced in the reticuloendothelial system chiefly existing in the liver, spleen and 
bone marrow. YAMAOKA48>49>50> successfully isolated an enzyme hemoglobin oxidase par-
ticipating in decomposition of hemoglobin from the liver and he postulated that the process 
from hemoglobin to bilirubin principally proceeds in liver cels. As has been surveyed, 
the liver largely participates in production of bilirubin from hemoglobin. Although ex-
trahepatic production of bile is ascertained, the amount is too small to take into considera-
tionrn. Most part of bilirubin in bile is coupled with glucuronic acid and in microsome 
fraction of hepatic cells enzymes necessary for this coupling is contained52＞～56>. For elimi-
nation of bilirubin, it is indispensable that bilirubin is coupled with glucuronic acid57>, and 
up to present, no other bilirubin of direct type is demonstrated than glucuronic acid coup-
ling in bile. However, there are some researchers as LONDON and others58＞日＞ who suspect 
bilirubin production within liver cels themselves, and there remains much to be solved 
concerning production of bilirubin60>. Since there is large deviation in the amount of 
bilirubin in hepatic bile after resection of the liver, al the experimental animals did not 
show always exactly the uniform tendency. However, in most of the experimental ani-
mals, the amount of bilirubin eliminated in the early period after hepatic resection, at the 
time when hepatic function showed disturbances, decreased and it remarkably increased 2 
months after surgery and finally restoring to normal 3 months after surgery. Namely, 2 
months after hepatic resection, it was presumed that metabolic activity of liver cels was 
more prosperous than normal. 
Phospholipid is mainly synthesized in the liver and intestine, and most p訂tof phos-
pholipid in plasma is from the liver61>. As demonstrated by KENNEDY and others62>, leci-
thin is synthesized from fat of the liver. Although pathway of decomposition of phos-
pholipid in organism, it is obviously accepted that the liver is the principal organ of syn-
thesis and decomposition of phospholipid. Some part of phospholipid is eliminated in bile63>, 
but in the past it has been supposed that biliary phospholipid content is small64＞寸的. Por-
PER6n maintained that phospholipid content in hepatic bile does not exceed 0.1 mg/dl and 
it has litle influence on serum phospholipid level. However, it was clarified by IsAKSSON 
and ZILVERSMIT63) that pho岳pholipidin hepatic bile exists either in equal or larger propor-
tion to that in plasma and it is directly excreted from the liver into bile without passing 
through blood stream68>. More than 95 per cent of phospholipid in bile is nothing but 
lecithin, and in bile of normal dogs its content as lecithin is 12 2 mg/cc68> and it was 8 9 
mg/cc on the average of 25 dogs in the pr白 entexperiments. 
Phospholipid in bile plays an important role in absorption of fat71> and it forms mice! 
by combining with bile acid72ト 74>. Thus, it is the important component for dissolving 
cholesterol in bile. Serum phospholipid does not reveal noticable change even in paren-
chymal impairment of the liver, and does not reflect sharply hepatic disturbance. Phos-
pholipid synthesizing ability of the liver is not affected seriously at hepatic disturbance. 
Fluctuation of serum phospholipid can be accepted as an indicator of phospholipid synthesis 
in the liver. However, it is not always rational to interpret in that way, since excretion 
of phospholipid from the liver is exerted in the 2 direction into blood stream and into 
bile. 
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BussY-CAP,¥RI and others75l observed a decrease in serum phospholipid in hepatic 
disturbance caused by carbon-tetrachloride, and they considered that its increase is asoci-
ated with recovery of histological impairment of the liver. T AKAMI76l asserted that low 
content of serum ・phospholipidis attributable to disturbance of phospholipid synthesis which 
is the domonstration of functional disturbance of the liver. In the present experiment, an 
incr田sein serum phospholipid was observed in the early period after hepatic resection, 
which is interpreted that among various disturbed liver function in the early period after 
hepatic resection, synthetic capacity of phospholipid alone might be contrariwise increased. 
However, phospholipid content in bile decreased in the early period after hepatic resection, 
and it increased exceeding the normal level 2 months after surgery when metabolic ac” 
tivity of regenrated liver cels was prosperous. At this stadium, no marked change could 
be observed ih serum phospholipid content. Concerning the correlation between phospholipid 
content in bile and serum, litle is known. However, fluctuations of these two after hepatic 
resection, as clarified in the present experiment, will provide some basic understandings for 
disclosing the relationship between there two. 
Synthesis of ch'olesterol is mainly. performed in the liver on the basis of acetic acid, 
more than, 75 per. cent of. which turns into bile acid within the liver77l. A part of chole-
sterol synthesized in the liver is eliminated into blood stream and another part into bile 
7sJ 79> A part of cholesterol entered the intestine is reabsorbed and join to enterohepatic 
cycle of cholesteroJ8°>. Thus, the liver is the central organ of cholesterol metabolism, and 
the relation l陀tweヒnthe liver and cholesterol is so intimate. SmNor81> also maintained 
that there existメ closecorrelation between liver function and cholesterol content in bile, 
and biliary cholesterol decreases at functional disturbance of the liver. BYERS82> and FRIED-
MANN83> reported that cholesterol synthesis of the liver is disturbed by hepatic resection 
and impairment四 usedby carbon-tetrachloride. At experimental impairment of the liver, 
when it is partial or slight, cholesterol synthesis ・increases and it・ is disturbed when the 
impairment is serious ・or in the occasion of ligation of the common bile duct. In paren-
chymal impairment of the liver, there appears hypercholesteremia and serum cholesterol-
ester ratio decreases84>. 
Owi・ng to parenchymal disturbance of the' liver and disturbance of hepatic celular 
activity immediately after hepatic resection, cholesterol synthesis of the liver is disturbed 
with resul'tlng decrease in cholesterol elimination in bile. It is because of disturbance of 
decomposition of cholesterol in the liver and elimination into bile that serum ch0lesterol 
shows an increase. At regeneration of liver parenchyma, synthesis of cholesterol is re-
markably increased due to hyperfunction of liver cels, and it comes to be manifest as 
the increase in cholesterol in bile. The degree of this increase in cholesterol is in paralel 
with the functional state of the liver. In the present experiment, cholesterol in bile de醐
creased in the stadium in which hepatic disturbance was utmost remarkable after hepatic 
resection, and it restored concurrently with liver regeneration, showing marked increase 
exceeding p斥operativelevel in a certain period. ・ This finding is interpreted to indicate 
that, there exists .a stadium in the process of liver regeneration in which metabolic activity 
of liver cels ;conspicuously irn:.:reases. 
It has been demonstrated by many experimental studies of BLOCH, BERG, RrTTENBERG85J 
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and others that bile acid is produced from cholesterol in liver cels'6＞ー About90 per cent 
of bile acid excreted from the liver to the intestine is reabsorbed with the absorption of 
fat, thus forming entero-hepatic cycle of bile acid87l. Most part of bile acid eliminated 
into bile is absorbed from the intestinal wall as lipoid, and then enters the portal blood 
flow, being isolated from lipoid. About 80 per cent of bile acid is eliminated into bile 
in a form of glycin or taurin coupling88>89>, and the coupling is performed in microsome 
fraction of liver cels, in which some energy is required90川＞. Production of bile acid in 
the liver is regulated to be constant by the amount of bile acid which is once reabso~bed 
and .returns to the liver via the portal flow92>. 
According to KAZUN093>, amount of bile acid, which participates in entero・hepatic
cycle, is small, corresponding to les than half of bile acid which reaches the intestinal 
canal, and most part of bile acid is destructed within the body. The principal sites of 
destr.uction of bile acid in the body are the liver and intestine86> 94＞～95>, and accordingly, 
the amount of bile acid produced everyday in the liver is extraordinarily large. When 
liver cels encounter some impairment, amount of bile acid in bile decreases markedly, 
which is due to decrease in bile acid production caused by cellular impairment of the 
liver明. In the metabolism of bile acid also, the liver occupies a large role. In the pre・
日entexperiment, bile acid production was reduced in the stadium of対 riousimpairment 
of liver cels after hepatic resection, with resulting decrease in bile acid in bile. In parallel 
with the recovery of liver function at liver regeneration, bile acid elimination remarkably 
increased in bile, which was presumed to be due to increase in metabolic activity of the 
regenerated liver cels with resulting increase in bile acid synthesis in liver cels. It is 
further presumed that there exists a certain stadium of temporary hyperfunction in the 
process of liver regeneration. 
Amount of bile excretion, that of bilirubin in bile, that of phospholipid in bile, that 
of cholesterol in bile and that of total bile acid, al these are largely influenced by the 
condiVon of liver function, and the liver being central organ of metabolism of these com-
ponents, when the metabolic activity is decreased, synthetic capacity of liver cels also is 
reduced with resulting decrease in these components in bile, whereas in the stadium of 
prosperous activity of liver cel, synthetic capacity of liver cels is also accentuated with 
resulting increase in these components in bile. It is assumed that this stadium of increase 
in these components in bile coincides with the stadium of temporary excessive hypertrophy 
of the regenerated liver parenchyma after hepatic resection. It is considered interestinε 
that once increased these components of bile restore to preoperative level 3 months after 
hepatic resection, presumably owing to regulatory mechanism of hepatic regeneration and 
metabolisms of the liver, and this might be a problem to be clarified for accurate under-
standing of pathophysiology of liver regeneration. 
V. SUMMARY 
After 50 per cent of the liver was resected in dogs, analysis was made on hepatic 
bile and blood with the lapse of time until 3 months after the resection, and some new 
findings were obtained, which were not clarified hy functional examinations of the liver 
as have hitherto been carried out. 
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I. Changes in the amount of hepatic bile excretion and various components in bile 
1. Amount of hepatic bile excretion 
Amount of hepatic bile excretion decreased immediately after the hepatic resection, 
which increased thereafter gradually reaching 2.2 times of preoperative level 2 months 
after the resection. It decreased again, restoring to preoperative level 3 months after the 
resection. 
2. Amount of bilirubin in bile 
Amount of bilirubin in bile decreased immediately after the resection, and then in-
creased gradually reaching 1.6 times of preoperative level 2 months after the resection, 
which restored approximately to preoperative level 3 months after surgery, although there 
was large individual fluctuation in this change in bilirubin amount in bile. 
3. Amount of phospholipid in bile 
Amount of phospholipid in hepatic bile decreased immediately after surgery, and it 
increased thereafter reaching 2.2 times of preoperative level, on the average, 2 months 
after the resection, which again decreased thereafter restoring to preoperative level 3 months 
after the resection. 
4. Amount of total cholesterol in bile 
Amount of total cholesterol in hepatic bile gradually decreased after the resection 
reaching the lowest level 2 weeks after the resection, and it increased to 2.4 times of 
preoperative level, on the average, 2 months after the resection, which decreased there-
after again restoring to preoperative level 3 months after the resection. 
5. Amount of total bile acid in bile 
Amount of total bile acid in hepatic bile decreased immediately after the resection, 
and it increased gradually reaching 2.2 times, on the average, of preoperative level 2 weeks 
after the resection, which decreased thereafter aεain restoring to preoperative level 3 months 
after surgerey. 
I. Changes in serum examinations 
As the indicator of liver function, serum protein level, B. S. P. retention test and 
serum cholesterol-ester ratio were examined, and al these examinations revealed abnormal 
findings in the early stadium after the resection, which, however, restored to normal from 
3 to 4 weeks after surgery. 
lcterus index, amount of phospholipid and total cholesterol content also revealed ab-
normal findings in the early stadium after surgery, there also restoring to normal from 3 
to 4 weeks after surgery. 
From the findings known from liver function tests such as B. S. P. rerention test, 
serum cholesterol-ester ratio, as have been carried out, it has been accepted that disturbed 
liver function 四 usedby 50 per cent resection of the liver is improved in parallel with 
regeneration of the residual liver parenchyma and restores to preoperative normal function 
from 3 to 4 weeks after surgery. In the present experiment, however, based on the ob・
servation on the fluctuation of amount of hepatic bile excretion, hiliruhin level in bile, 
total cholesterol level in bile and total bile acid level in bile, al of these decreased in the 
early stadium after the resection and had correlation with the findings of liver function 
tests, and they increased thereafter remarkably surpassing preoperative level 2 months after 
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surgery, which decreased restoring to preoperative level 3 months after surgery. From 
these findings, it was assumed that there exists a certain period of temporary hyperfunc-
tion in the process of liver regeneration after hepatic resection. 
Accomplishing the present paper, the authorトdeeplyindebted to Prof. Dr. Ic1-10 HoNJO for his uninterrupt-
mg encouragement and valuable advices, and the author is also grateful to Dr. HoRr, Dr. KozAKA and other mem-
hers of our clinie for their kind helps. 
VI. REFERENCES 
I) Gluck, T.: Uber Exstirpation von Organ. Arch .f. klin. Chir. 28 : 604, 1882. 
2) Cece!町 eli,A : La res白 ionedel f特ato・S:entb.f. Chir. 52 : 922, 1885. 
3) Ponfick, E.: Experimentelle Beitrage zur P,athologie der Leber. Virchows Archiv 118 : 209. 1889. 
4) Meister, ・ Ebenda. 15 : 1,1894. 
5) Flock, F.: Aus dem path,;logischen Institute zu Gi田sen.Uber die H、・pertrophieund Neubildung der L疋ber-
substanz. Deutsches Arch. f. klin. Medizin. 55 : 397, 1895. 
6) Kahn, : Archives general田 demedecine. Jome 1: 167, 1897. 
7) Bollman, J. and Mann, F. C.: The physiology of the impaired liver. Ergehnis.~e der Physiologie 38: 445, 
1936. 
*8) Kobayashi. N.: Fund礼mental地 1dieson surgery of the liver. Igaku-Kenh11 18 : I,J 9.tL 
*9〕 Hi口110,K. : Experimental studies on the p<>'>1bility of hepatic r•田町tion. Igaku-ke11kvu 17・2103.1943. 
勺0) Kidani, T.: Compensation of hepatic impairment. J. Jap. C；ιJStroenterol. 49 : i,1952. 
円！） メoejima,R. et al.: Experimental studies on portal blood flow after hepatic r円配tion.J. J. S. S. 56: 1088, 
!955. 
*12) Mikami, J.: Extensive hepatectomy. J. J.メ S.57 : 898, 1956. 
*13) Yamada, J.: Some fundamental problemメ i1tJportantin experimental stidies of exten只ivehepatic resection. 
Hokl泊ido-Igakuzasshi37 : 681, 1962. 
*I4i Nakamura, K.: Experimental studies of hepatic resection from the aspect of tissue respiration. J. of Toho-
Jikeikai Medical College 72 : 2081, 1957 
15) McMaster, P. D. and Rous. P.: The biliary obstruction required' to produce jaundice. J. Exp. Med. 33 : 
731, 1921. 
*16) Kubo, Y目： Experimentalstudies on the influenαof Eck¥ f1叫1laon r本川•er、。f liver function and hist-
ological regeneration. J. .T S.お.55: 4.1, 1951. 
ぺ7) Kanai, I. : The essentials of laboratory examinati<?ris. Kinbara Co. Ltd. Tokvけ 1962.
18) Malloy, H. T. and Evelyn, K. A.: The determinat旧日けl b0ili~ubin with the photoelectric colorimeter. J. 
Biol. Chem. 119: 481, 1937. 
*19) Saito, M.: Clinical chemical examinations by the use' of spec’trophotometer. 7th Ed. Nanzando Co. Ltd. 
Tokyo. 1956. 
20) Abell, L. L., Levy, B. B.: A simplified method for the estimation of total chol田terolm同rumand de-
termination of its specifi口t¥"J. Biol. Chem. 195 : ・357, 1952. ‘ 
*21) Murakami, E.: Fractional quantitative microdetermination of bile acid in bile. Fukuoka-I巨aku-za臼hi43: 
26, 1952. 
22) Schiff, M.: Bericht iiber einige Versuchsreichen. Arch. f. 宮田amrnte!'Ii、副ologiedes Menschen und Tiere 
3 : 598, 1870. 
23) Kay, R. E. and Entenman, C.: Stimulation of taurocholicλcid synthe日討川町lbiliary excretion of lipids. 
Am. J. Physiol. 200 : 855, 1961. 
24) McMaster, P. D., Broun, G. 0. and Rou凡 P.:Studi田 onthe tけtalbile. J. Experimental l'vled. 37 : 395, 
1923. 
25) Thomp叩 n,J. C. and Vars, H. M.: Influence of thyroid activity on the hepatic excretion of ,・holic acid 
and cholesterol. Am. J. Ph、siol.179: 405, 1954. 
26) E口iks."m・ メ： Biliary excretion of bile acids and chol出terolin bile fi,tula r"ts. Bile acids and 叫町けids.
Proc. Soc. Ex1). Biol. Med. 94 :578, 19'17. 
27 I Blomstrand, R. : G出ーliquidchromatograph、。fhuman bile ;in払 Pr川市c E"P・ Biol. Med. 107: 126, 
1961. 
'.:'.50 日本外科宝函 ＇；（~35巻第2 号
車28) Kishikawa. lVL : Experimental studi白 on the change of c¥'stic bile com伊 nentscaused by pancreatic en・
ヌym田.J. J. S. S. 57 ': 593, 1956. 
291 Puestow, C. B. : The discharge of bile into the duodenum. Arch. Surg. 23: 1013, 1931. 
30) Elman. R. and McMaster, P. D. : The physiological variations in r制御neeto bile flow to the intestine. 
J. Exp.恥f町I.44: 151, 1926. 
ワ1l Ho叩 no，吋： Experimentalstudi跡 onperiodicity of function in digestive system. IV. On periodicity of hile 
excretion and elimination. CI). Jikken-syokakibyogaku 7 : 189, 1932. 
32) Okada. S. : On the secretion rif bile. J. Physiol. 49: 457, 1915. 
取33J Fuku、hima,H. : Patholo日、 andtreatment of cholek＼’netic function.り叫k礼－ij－、hinshiIO: 937, 1939. 
3.fl Bainhridge. F.え.and Dale. H. H. : The c・ontractile mechani川 lof the gal-blaclder aml iぃcxtrin,irncrvou誌
control. J. Ph、宍iol.33. : 138, 1905. 
35J 0/ishimaru. Y. : Bile pigment formation in the liver from hemoglobin. Am. J. Phy日ol.97 : 651, 1931. 
36) Koぉter,H .Shapiro，主 andLenner. H. : On the rate of secretion of bile. Am. J. Physiol. 115: 23, 1936. 
37) Brauer, R. W .Leong, G. F. and Holoway, R. J. : Mechanics of bile secretion. Effect of perfusion pr田・
sure and temperature on bile flow ancl bile可cretionpr，田sure目 Arn.J. Phyぉiol.177: 103, 1951. 
*38J Nakamata, T. and Aise. I.: On the influence of hepatic temperature on bile excretion. J. Jap. Gastr＇冊nte・
rol. ：古>C.58: 136・1. 1961. 
39) Winogradow, :¥. P. : Die Wirkung einiger M町likamente＜川fclie Gallensekretion. Experimentelle Unter・
suchung. Z,可hft.(;,., F：、p.M町I.43 : 58 I. I 9:2I. 
＊~O I S.1kurai, E. : Experimental刈uclieson th＜＇』nflm・nn'iobulin and刈 川 l'oth町、ubst川leeson bile secretion. J. 
Tok¥・o M .d. 40 : 928. 19'.5. 
41) C印 ，k.DL..B閉じh,D .. ¥ . Biandii. R. G .Hamhonrger, ¥'. E. and Green, D. M. : Facto円 influmcmg
bile flow in the dog and rat. .λ11i. J. Pin・叩》I.163 : 688, 1950. 
* -12l Horiuchi. H. : On 、町retionpr＇品削 reof the choledochus, intraduodenal hile secretion and gall-bladder. J. ] 
S.S. 65: 31, 1961. 
43) Brauer. W. : Mechanisms of bile secretion. J. Am. Med目 A哨）（＇. 169 : 1462, 1959. 
-Ill Wh町 ler,H. 0. : The flow and ionic composition of bile. Arch. Int. Me!. 108: 2,1, 1961. 
451 Hymans.、d.Bergh, A. A. and Snapper. J.: Die Farbstoffe de, Blutserums. Deutsch. Arch. f. klin. 
Med. 110: 540. 1913. 
刊61 Ko抽 ku.主 ; On metabolism of bile pigment in organi>m. J. .lap. Gastroenterol.トいじ 48 : 6,1951. 
47l McN同， J.W. : Experiments on haemolytic icterus. J. P . th. Bact. 18: 325. 1913. 
牟48) Yamaol叩 ，K.:Clinical problems of the liver: Bile pigment. J. Jap. Int. Med. Soc. 42 : 531, 1953. 
刊9) y，’maoka. K. : Metabolism of bile pigment.沿いhin-Igaku10 : 666, 1955. 
*50J Y剖naoka.K. : Metalx>li'm of bilirubin and it~ derivalives. Nihon-Rinげり 16: 1 8~3. 1958. 
51) Fischer, H. and R町ndel,F.: Uber Hamatoidin. Hoppe-Seyler’s Zschrft. f. Physiol. Chem. 127 : 299, 1923. 
52J Billing. B. H .Cole, P. G. and Lathe. G. H目： Theexcretion of bilirubin as " diglucuronide giving the 
direct van den Bergh reaction. Biochem. ]. 65: 774, 1957. 
53) Lathe, G. H. and Walker, M. : The synth田iscf bilirubin glucuronide in animal and human liver. Bi田hem.
J. 70: 705, 1958. 
S-1 l Schmid, R. : The identification of a・dir乱treacting”bilirubin‘h biliruhin glucuronide. J. Biol. Chem. 229: 
881. 1957. 
;:; I Schmid. R . Hammalぜr，し山首:l ;¥"'!rod. J. : The enzym日tic formation 日fhiliruhin glurnronide. Arch. 
Bi<X'hem. Bioph、メ 70: ~8::>. 1957. 
5ιp Gnxi,ky, ( ;_ M. and Carbone, J. V. : Tl官、ntht>Sis.,f hilirnbin glucuronide l¥・ tisue ho刑事enateχl
Biol. Chem. 226: 449. 1957. 
S7 I . ¥r前町 I. M .John的 n,L. and Wolf回n,S. : Bilia r~’ excretion of injected conjugated and unconjugated 
bilirubin h~， normal and Gunn rats. Am. J.Physiol. 200: 1091, 1961. 
58J Grn¥', C. H .0i削除rger，λ.and Sneath. P. H. :¥. : Studi出 incongenital卯rpbyria.2. Incorporation of 
15N in the stercobilin in the normal and in the porphyric. Binchem. J.47: 87, 1950. 
5りj London. I. M .¥V円 t.R .Shemin, D. and l~ittenberg, D. : On the ori巨inof bile pigment in normal man . 
.I 1占101.（、：hem.184: 351, 1950. 
*60J Ohkita. H .Yamam山人 .¥. anrl .:¥111ago, T. : Biochemical mechanism of bile只町retionof liver cel、.Sogo・
Jgal川 19:304. 1962. 
61 l Goldman, D.討， Chaikoff.I. L., Reinhardt, W. O .Entenman, C. and Dauben, W. G. : Site of forma-
生N EXPERIMENTAL STUDY ON BILE EXCRETIO'.'J JN REGENERATED LIVER 251 
tion of plasma phospho日pidesstudied with 11C-labeled palm1t1c acid. J. Biol. Chem. 184: 727, 1950. 
62) Weiss, S. B, Smith，吋 W.and Kennedy, E. P. : Net 叫nthe,_,j,.,of lecithin in 川 isolatedenzyme叫＇km.
Nature 178: 594, 1956. 
63) Zilversmit, D. B. and Handel，日 V.: The origin of bile lecithin 川1dthe u河口fbileぃdetermineplasma 
lecithin turnover rates. Arch. Biochem. Bioph、73:224, 1958. 
*64) Urashiro, J. : Bile and cholesterol. Sogo-Rin尽yo7 : 2255, 1958. 
65) Jones, K. K. and Sherberg, R. 0. : .c¥re neutral fat and lecithin pr目印tin gall bladder bile' Proc. Soc 
Exp. Biol. and Med. 35 : 535, 1937. 
66) Schaffner, F., Mei tu>, M .de la Huerga, J ., Magell, D. F.，吋teigmann,F. an【lPopper. H. . Rt・latinn of 
pl:Nna to biliary phospholipids. Fed. Prぽ.10 : 369, 1951. 
67) Popper, H., Schaffner, F. : Liver; Structure and function. McGraw-Hill Book Co. Ltd. 1957. 
*68) Kitamura, T. : Studies on biliary phospholipids. J. Jap. Int. M吐泳)C. 50 : 16~. 1959. 
69〕 Johnston,C. G., Irvin, J. L. and 'Nalton, C., The free choline and phospholipid .,f hep；‘1tic and gallblad-
der bile. J. Biol. Chem. 131 : ！ ~:J. 1939. 
70) Polonov討ki,M. et Bけurrillon,R. : Choline et phosphateぉ lilm・、dela bile. Em勺Ill礼logia15 : 246, 1932. 
勺I) :¥i,.,hik川va,M., Sakai, Y., Kitamura, T., !'°1.aki, M.，おno, M. and Aida, M. : On the role of bilian 
lipidメ in absorption of fat. Pre悼 ntationat 51、tAnnual Meeting of Jap. 山k of Di沖江川、円fDige叶l¥"P
Or宮山h.
72) Hamma日ten,0. : Zur Chemie der Galle. Ergebnisse der Physiologie. 4 : 1, 1905. 
73) Lon日， J.H. and Gephart, F. : On the behavior of lecithin with bile叫 It>.and ti日目'Currenceof lecithin 
in bile. J. Am. Chem. Soc. 30: 1312, 1908. 
74) Price, C. W. : The physico・chemicalbehavior of lecithin. II. The el町 trophoreticl背haviけrof le.・ithm・・
chole示teroldisperisons. Biochem. J. 27 : 1789, 1933. 
75) Busanny-Caspari, W.，たしkfmt,H. und Andres, E. : Die Serumlipide unter be同 ndereBeriicbichtig1111日de'
Pl出 malogens. Die Wirkung des Corti回 nsauf Serumlipide 11nd Leberfette nach experimenteller Leber-
schadi耳ung.Klin. W出：hrft.34 : 1016, 1956. 
*76) Takami, S. : Clinical studies on serum phospholipids fraction in variけusliver diseases. Med. J. Osaka 
Univ. 12: 553. 1960. 
77) Siperstein, M. D. and Murray, A. W. Cholesterol metal》olismin man. J. Clin. Im・e、t.34: 1449. 1955目
78J Gould, R. G目： Lipidmetabolism and atherosclerosis. Am. J. Med. 11: 209, 1951. 
79) Hellman, L., Ro世nfeld,R. S., and Gallagher, T. F. : Cholesterol synthesis from 14C-acetate in man. J 
Clin. Invest. 33: 14~. 1954. 
80l G臼》dm；‘Il,D.メ： Cholesterolmetabolism and liver. The medical clini引 of:-;,rth Anwrica 47 : 649, 1963. 
*81) Shinoi, S. : Studies on the gall-bladder and duodenum in the d1州市川 the liver and bili:in tract，白l》ecially
in cholelithiasis. Okayama-Igakl《ai-Zasshi41 : 839, 1929. 
82) Byers, S. 0. and Friedman, M. : Production and excretion of cholesterol in mammals. VII. Biliary chole-
sterol : Increment and indicator of hepatic synth白日 ofcholesterol. Am. J. Phy叶り｜ 168 : 29/, 1952. 
83) Friedman, M., Byers, S. 0. and Gunning, B. : Observations concerning production and excretion of chole-
>terol in mammals. Am. J. Physiol. 172 : 309, 1953. 
*84) Takahashi, 1二Yoshikawa,H. : Physiology and patholog、ofmetabolism. A哨 kura-Shoten1962. 
85J Bl凹h,K., Berg, B. N. and Rittenberg, D. : The biological conversion of chol田terolto cholic acid. J. Bi的 I.
Chem. 149 : 511, 1943. 
86) Bollman, J. L. and Mann, F. C. : The influence of the liver in the formation and destruction“f bile ‘1cid、
Am. J. Physiol. 116 : 211, 1936. 
87) Brakefield. J. L. and Schmidt, C. L. A. : Studies on the synthesis and elimination of certain bileじけ11-
ponents in obstructive jaundice. J. Biol. Chem. 67 : 523, 1926. 
88) Haslt>wcxxl, G. A. D. and 日J<ival,J. : Comparative studies of“bile s;ilts" 8. Prelimin礼rve¥:imination口｛
bile 山lぃbyp礼perchromatography. Bi凹 hem.J. 57 : 126, 1951. 
89) Norman, A. : On the conju日ationof bile acids in the rat. Bile川 id＇川 1dstε•roid, 1 1 ..¥eta l》hysiol.ト-X-.1ndi-
navica 32 : 1,195し
90) メ1pe円tein,M. D. : En川 11atiじ叫＇nth<"Sisof bile salts. F町tPn凡 14: 28:2, 1955. 
91 I Elliott, W. H. : The enz＼’mic activation of cholic acid by guinea-pig-liv<:r micr川町下 B1<x・hem. J. 62: 
127, 1956. 




Scand. 43 I, 1958. 
*93) Kazunn. T. : On the metaboli~m けi bile acirl and Ii卯 ids.Saishin-lgaku 10 : 6・1, 1955. 
9い Quick.A. J. : Clinical value of the tがtfor hippuric acid in 口N~s of disease of the liver. Archiv白 ofIn-
ternal肘1edicine57 : 5」1.1936. 
刊訂 Okada, H. : On the metabolism of cholic acid. IV. Hiroshima-lgaku 6 : 6, 1953. 
96) Okada, H. : On the metabolism of the choliど acidin the lxly. (Report VJ Hiroshima Journal of Medi・





















増加して 2ヵ月｛をにlt [1-i'前の約:2.2倍に増量し， 以後























ている B.S. P.試験， 血清Chol田terol-Ester等の変動
からは50%肝切除により低下した肝機能が，残存肝の
再生と共に改善されて，約3～4週間で術前の正常機
能に復するものと考えられていたがp 本実験で検索し
た肝胆汁の分i必量， Biliruhin盆， りん脂質量，語
ぐhol回terol量および総胆汁酸量の消長を検察した結
果，肝切除後早期にはこれらは減少しも肝機能検査
成績と相関々係を示したが，以後次第にJ首量して2• 
月伐にはいずれも手！？前値をはるかにしのあこれらが
術後3h月で術前の levelにf駐するという現象地：観察
された．この事実から肝切除後の残仔肝は再生の過程
において，機能こう進の状態を示す時期があるものt
考えられ，L
